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Multidimensional Scaling Assessment of Medical and Veterinary Student

Knowledge Organization of Pulmonary Physiology Concepts

Research in a variety of fields including physiology (1-3), medicine (4), research

methods and statistics (5), computer programming (6), psychology (7), biology (8), and

teacher education (9) has tried to capture or represent the cognitive structure, the

intellectual organization, of concepts acquired by learners at different educational levels.

This research is based on two fundamental assumptions. First, the ability to organize,

simplify, and store a large body of educational material in a specific field is essential for

the development of expertise (10). The coherence of information increases as individuals

learn to organize and simplify data and concepts for storage in memory. Meaningful

learning involves the ability to structure educational material, not just the ability to

acquire material in volume. Second, the organization of concepts in memory mediates

their recall and use. As the conceptual organization of educational material is simplified

its retrieval from memory becomes automatic and the cognitive workload needed for

recall is reduced. Thus as pointed out by Nobel Laureate H.A. Simon in his landmark

book, Models of Thought (11), the ways in which experts and learners in a field of study

intellectually organize its key concepts affects their ability to retrieve and use the

material.

Studies in medical education have been at the leading edge of research on

knowledge organization. This work has been done using several different research

methods including qualitative concept mapping (1, 12-14), use of "thinking aloud"

protocols in the cognitive science tradition (15, 16), multidimensional scaling (MDS) (4),
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assessment of semantic structures (17, 18), and concept network analysis using the

Pathfinder scaling algorithm (2, 3). While the individual studies within this body of

research vary in scope, measurement methods, data analysis procedures, and scientific

rigor they all address the research goal of organizing medical information with coherence

and parsimony.

Quantitative analysis of concept organization via MDS or Pathfinder network

scaling holds particular promise for medical education research. In contrast with

qualitative approaches to research on concept formation and organization, these

quantitative methods are rigorous, can be replicated, and allow for statistical analyses of

concept data sets. For example, such analyses permit investigators to systematically

study issues including expert-novice differences in concept organization (6, 7), changes

in concept structure due to educational interventions (5), correlations between indexes of

concept organization and independent measures of educational achievement (3, 5, 7), and

variation among experts in concept organization (2).

MDS is one means to display the judged similarity or difference of a set of stimuli

(e.g., pulmonary physiology concepts) on a spatial map (19). Pairs of stimuli (concepts)

are judged in terms of their similarity or difference. Following quantitative analysis,

stimuli that are consistently judged to be similar are graphically displayed in geometric

space to be closer than stimuli that are consistently judged to be different.

There is controversy about the propriety of MDS to map judgments about

nonphysical entities like concepts in the medical basic sciences. Some investigators

question the geometric assumptions that underlie such analyses and express concern

about the interpretability of results when the entities being studied are intangible (20).



By contrast, other researchers have shown in theory (21) and in practice that MDS is a

useful method to analyze judgments about such abstract entities as physics principles (22)

and concepts in developmental psychology (23).

This study applies MDS to a knowledge organization problem involving 12

concepts in pulmonary physiology. The concepts are chemoreceptors, lung gas

exchange, ventilation, spinal cord, perfusion, intrapleural pressure, respiratory mechanics,

surface tension, resistance, control of breathing, diffusion, and partial pressure. Concept

structures were derived in several dimensions from individual medical and veterinary

students before and after a period of focused instruction. The study addresses three

questions. First, does the research task we devised about pulmonary physiology concept

formation and representation yield data that are suitable for MDS analysis? Second, can

an MDS solution account for a meaningful proportion of variance in medical and

veterinary students' concept representations? Third, do individual differences in the way

in which medical and veterinary students intellectually organize the pulmonary

physiology concepts, captured by MDS, correlate with course examination achievement?

Methods

Participants. One hundred seventy Northwestern University medical students and

85 University of Wisconsin veterinary medical students volunteered to participate in the

study during the Fall of 1996. They supplied preinstruction and, with some attrition,

postinstruction data. This occurred in the context of a first year physiology course

section or a complete course at each institution, respectively.

Measurements. A questionnaire was constructed that presented all possible

4

5



n(n 1)/2 = 66 pairs of the 12 concepts randomized for presentation order (left-right)

and sequence (1-66). Instructions directed research participants to provide a judgment

about the degree of similarity between or relatedness of the two concepts in each pair on

a scale of 0 (completely unrelated) to 9 (highly related). This judgment task was

completed on both occasions by most of the medical and veterinary medical students in

approximately 20 minutes.

Data Collection. Northwestern University medical students and University of

Wisconsin veterinary medical students completed the questionnaire in class, immediately

before and after in instructional unit on pulmonary physiology that lasted three weeks.

Data Analysis. Data analyses were performed using the individual differences

(INDSCAL) option of the ALSCAL algorithm in SPSS. For each institution

(Northwestern, Wisconsin) and for each occasion (preinstruction, postinstruction) the

MDS analysis yielded solutions in dimensions ranging from two through six. For each

dimensional solution, coefficients of S-Stress and Stress were calculated as indexes of

"goodness of fit" of the data to the statistical algorithm. In addition, an index of variance

explained or accounted for (R2) was calculated for each dimensional solution. This is a

measure of internal consistency for each group of students on each occasion. An increase

in MDS R2 from preinstruction to postinstruction about a set of concepts for a student

group indicates the concepts are becoming increasingly coherent, conceptually

meaningful, for the students. Finally, individual students' subject weights for the MDS

dimensions contained in the most interpretable solution were correlated with their scores

on a course examination covering the pulmonary physiology material.

5
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Results

A summary of the data analysis is given in Table 1. MDS solutions ranging from

two to six dimensions are shown for the Northwestern University medical students pre

and post instruction data and for the University of Wisconsin veterinary medical students

pre and postinstruction data.

Table 1 here

Attrition from the study occurred for the volunteer students in both groups. For

the Northwestern medical students the pretest to posttest loss was from 170 to 131

students, a drop of 23%. For the University of Wisconsin veterinary medical students the

pretest to posttest loss was from 85 to 73, a 14% reduction. Students lost to followup

were not present or refused to participate on the occasion of the posttest, or refused to

participate when contacted subsequently.

In response to the first study question, the research task clearly produced data

suitable for MDS analysis. Of the various dimensional solutions displayed for the two

institutions (Northwestern, Wisconsin) and the two occasions (pre and postinstruction),

the four dimensional solution produced the most interpretable results. The rule-of-thumb

in INDSCAL research is that a dimensional solution should have a Stress level at or

below .15 to provide a good fit of the data to the computing algorithm (19). In addition,

in studies like this investigation it is important to demonstrate a substantial increase in

variance accounted for (R2) from pretest through educational intervention to posttest as

an index of increased conceptual coherence among the medical and veterinary medical

students.
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The four-dimensional MDS results displayed in Table 1 clearly achieved the

minimum expectations for "goodness of fit" (Stress) and variance accounted for (R2).

For the Northwestern data the Stress levels at pre and posttest are .162 and .150,

respectively. The R2 from pretest to posttest increases from .552 to .645, a 17% boost.

For the University of Wisconsin data the Stress levels at pre and posttest are .169 and

.148, respectively. The R2 from pretest to posttest jumps from .500 to .673, an increase

of 35%. Thus on grounds of "goodness of fit" (reduced Stress) and improvement in

conceptual coherence (increased R2) the four-dimensional MDS solution provides a

parsimonious organization of the pulmonary concept judgment data.

Table 2 presents correlations of individual students' subject weights for each of

the four dimensions (pre and postinstruction) with their scores on course examinations

created independently at Northwestern University and the University of Wisconsin. The

reliability coefficient (KR-20) for the Northwestern examination was .79. For the

University of Wisconsin examination the reliability coefficient was .86.

Table 2 here

Outcomes from this analysis show that, with one exception, there is no correlation

between students' structural knowledge organization of the 12 pulmonary physiology

concepts represented by MDS and their achievement on course examinations covering

the same material. The sole exception is a statistically significant negative correlation

between students' scores on the third MDS dimension and final examination scores for

the University of Wisconsin veterinary medicine pretest data. From an array of 16

correlation coefficients, a single significant outcome may also be an artifact of chance.
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Discussion

Results from this study permit two general conclusions. The first conclusion

concerns what psychologist Kenneth Hammond (24) would call the coherence or internal

consistency of our data. The second conclusion addresses Hammond's notion about the

correspondence of data, their link with different measures of a presumably similar

construct.

Our data clearly pass the coherence test. The pairwise similarity judgment data

about the pulmonary physiology concepts, arrayed in four dimensions by the INDSCAL

MDS algorithm, meet scientific standards for "goodness of fit" (Stress) and variance

accounted for (R2). Students' final examination scores at both Northwestern and

Wisconsin also reach acceptable levels of test reliability. Thus customary psychometric

indexes of coherence and internal consistency show that the (a) concept organization data

analyzed by MDS and (b) concept educational achievement data contained in final

examination scores are trustworthy.

However, the correspondence of our data is not established. The data suggest that

knowledge assessment using structural methods like MDS produces results that are

different from results obtained by knowledge assessment using multiple-choice tests. In

this study, each approach to student assessment in pulmonary physiology yields very

solid data, but for practical purposes the data have no common variance.

This study outcome is in sharp contrast with past research where correlations have

been demonstrated between measures of student structural knowledge and customary

measures of school achievement (3, 5, 7, 9). However, the studies just cited used the

Pathfinder scaling algorithm to assess knowledge organization rather than MDS. This



suggests that the approach used to assess knowledge organization among concepts (or

other entities) may govern an investigator's ability to link student structural knowledge

with acquired fund of knowledge.

Future work by our research group will continue to assess medical and veterinary

student knowledge organization in both basic science and clinical domains. An essential

feature of this work will be a search for ways to establish the correspondence of

measures of structural knowledge with other measures of knowledge acquisition and use.



References

1. Modell, H.I. Preparing students to participate in an active learning environment. Am.

I Physiol. 270 (Adv. Physiol. Educ. 15): S69-S77, 1996.

2. McGaghie, W.C., Boerger, R.L., McCrimmon, D.R., and Ravitch,

M.M.Agreement among medical experts about the structure of concepts in pulmonary

physiology. Acad. Med. 69 (10): S78-S80, 1994 (October Supplement).

3. McGaghie, W.C., Boerger, R.L., McCrimmon, D.R., and Ravitch, M.M.

Learning pulmonary physiology: comparison of student and faculty knowledge

structures. Acad Med. 71 (1): S13-S15, 1996 (January Supplement).

4. de Bliek, R., McGaghie, W.C., and Donohue, J.F. Representation of clinical case

cues: A multidimensional scaling demonstration. In Proceedings of the Twenty-

Third Annual Conference on Research in Medical Education. S. Kerby, Compiler.

Washington, D.C.: Association of American Medical Colleges, 1984, Pp. 139-144.

5. Goldsmith, T.E., Johnson, P.J., and Acton, W.H. Assessing structural knowledge.

I Educ. Psychol. 83: 88-96, 1991.

6. Acton, W.H., Johnson, P.J., and Goldsmith, T.E. Structural knowledge

assessment: comparison of referent structures. J Educ. Psychol. 86: 303-311, 1994.

7. Gonzalvo, P., Canas, J.J., and Bajo, M-T. Structural representations in knowledge

acquisition. J. Educ. Psych. 86: 601-616, 1994.

8. Briscoe, C., and LaMaster. S.U. Meaningful learning in college biology through

concept mapping. Am. Biol. Teach. 53: 214-219, 1991.

10



9. Hausner, L.D., Gomez, R.L., and Griffey, D.C. Pedagogical knowledge Structures

in prospective teachers: relationships to performance in a teaching methodology

course. Res. Q. Exercise Sport 64: 167-177, 1993.

10. Ericsson, K.A., and Smith, J. Prospects and limits of the empirical study of

expertise: an introduction. In Toward a General Theory of Expertise. K.A. Ericsson

and J. Smith (Eds.). New York: Cambridge University University Press, 1991, Pp. 1-

38.

11. Simon, H.A. Models of Thought. New Haven, CT: Yale University Press, 1979.

12. Stevens, R. H. Search path mapping: a versatile approach for visualizing problem-

solving behavior. Acad. Med. 66: S73-S75, 1991 (September Supplement).

13. Edmonson, K.M. Concept maps and the development of cases for problem-based

learning. Acad. Med. 69: 108-110, 1994.

14. Edmonson, K.M., and Smith, D.F. Concept mapping to facilitate veterinary

Students' understanding of fluid and electrolyte disorders. Teach. Learn Med. 10:21-

33, 1998.

15. Ericsson, K.A., and Simon, H.A. Protocol Analysis: Verbal Reports as Data.

Cambridge, MA: MIT Press, 1984.

16. Arocha, J.F., Patel, V.L., and Patel, Y.C. Hypothesis generation and the

coordination of theory and evidence in novice diagnostic reasoning. Med. Dec.

Making 13: 198-211, 1993.

17. Bordage, G., and Lemieux, M. Semantic structures in diagnostic thinking of experts

and novices. Acad. Med. 66: S70-S72, 1991 (September Supplement).



18. Bordage, G. Elaborated knowledge: a key to successful diagnostic thinking. Acad.

Med. 69: 883-885, 1994.

19. Schiffman, S.S., Reynolds, M.L., and Young, F.W. Introduction to

Multidimensional Scaling: Theory, Methods, and Applications. New York: Academic

Press, 1981.

20. Reitman, J.S., and Reuter, H.H. Organization revealed by recall orders and

controlled by pauses. Cog. Psychol. 12: 554-581, 1980.

21. Shepard, R.N. Multidimensional scaling, tree-fitting, and clustering. Science 210:

390-398, 24 October 1980.

22. Danserau, D.F., Long, G.L., Evans, S.H., and Actkinson, T.R. Objective ordering

of instructional material using multidimensional scaling. J. Struct Learn. 6: 299-

313, 1980.

23. Wainer, H., and Kaye, K. Multidimensional scaling of concept learning in an

Introductory course. J. Educ. Psychol. 66: 591-598, 1974.

24. Hammond,K.R. Human Judgment and Social Policy. New York: Oxford

University Press, 1996.



T
ab

le
 1

Pu
lm

on
ar

y 
Ph

ys
io

lo
gy

 C
on

ce
pt

s:
 A

 M
ul

tid
im

en
si

on
al

 S
ca

lin
g 

A
na

ly
si

s 
of

 P
ro

xi
m

ity
 D

at
a

nD
im

S-
st

re
ss

St
re

ss
R

-s
qu

ar
ed

D
im

en
si

on
 I

m
po

rt
an

ce
N

U
 P

re
in

st
ru

ct
io

n
2

.3
82

.2
87

.5
15

.3
35

,.
18

0
(n

=
17

0)
3

.3
20

.2
18

.5
09

.1
93

, .
18

2,
.1

33
4

.2
65

.1
62

.5
52

.2
13

,.
12

8,
.1

06
,.

10
5

5
.2

26
.1

27
.5

57
.1

77
,.

12
5,

.0
98

,.
08

2,
.0

77
6

.1
94

.1
07

.5
49

.1
93

, .
08

4,
.0

78
,

.0
67

,
.0

64
,

.0
64

N
U

 P
os

tin
st

ru
ct

io
n

2
.3

41
.2

59
.6

00
.3

39
,.

26
1

(n
=

13
1)

3
.2

83
.1

91
.6

24
.2

22
,.

22
2,

.1
79

4
.2

34
.1

50
.6

45
.2

19
,

.1
99

,
.1

44
,.

11
2

5
.1

94
.1

33
.6

51
.1

81
,

.1
72

,
.1

13
,.

10
2,

.0
83

6
.1

64
.1

13
.6

64
.1

72
,

.1
72

,
.0

87
,.

08
6,

.0
80

,
.0

68
M

ad
is

on
 P

re
in

st
ru

ct
io

n
2

.4
02

.2
91

.4
68

.2
77

,.
19

1

3
.3

26
.2

03
.4

94
.2

09
,.

15
7,

.1
29

(n
=

85
)

4
.2

70
.1

69
.5

00
.1

52
,.

14
8,

.1
03

,
.0

98
5

.2
31

.1
36

.5
07

.1
27

,.
11

8,
.0

99
,

.0
83

,
.0

80
6

.1
96

.1
15

.5
18

.1
09

,
.1

09
,

.0
79

,
.0

75
,

.0
74

,
.0

73
M

ad
is

on
 P

os
tin

st
ru

ct
io

n
2

.3
40

.2
43

.6
27

.3
95

,
.2

32
(n

=
73

)
3

.2
83

.1
83

.6
57

.2
56

,
.2

24
,

.1
77

4
.2

37
.1

48
.6

73
.2

68
,

.1
46

,
.1

37
,

.1
22

5
.1

95
.1

29
.6

75
.2

22
,

.1
36

,
.1

25
,

.1
00

,
.0

92
6

.1
62

.1
09

.6
97

.1
72

,
.1

38
,

.1
07

,
.1

06
,

.1
03

,
.0

71

74
1.

5



T
ab

le
 2

C
or

re
la

tio
ns

 o
f 

Fi
na

l E
xa

m
in

at
io

n 
Sc

or
es

 w
ith

 S
ub

je
ct

s'
 P

re
- 

an
d 

Po
st

-I
ns

tr
uc

tio
n 

D
im

en
si

on
al

 W
ei

gh
ts

N
U

M
S 

M
ed

ic
al

 P
hy

si
ol

og
y

Fi
na

l E
xa

m
in

at
io

n
M

ea
n 

=
 7

2.
97

SD
 =

 8
.9

2
R

el
ia

bi
lit

y 
=

 .7
9

D
im

-1
D

im
-2

D
im

-3
D

im
-4

N
U

 P
re

.0
3

-.
06

-.
08

-.
05

N
U

 P
os

t
-.

01
.0

8
.0

5
.1

5

U
W

 V
et

er
in

ar
y 

Ph
ys

io
lo

gy
Fi

na
l E

xa
m

in
at

io
n

M
ea

n 
=

 8
7.

28
SD

 =
 8

.8
1

R
el

ia
bi

lit
y 

=
 .8

6

D
im

-1
D

im
-2

D
im

-3
D

im
-4

U
W

 P
re

.1
7

.0
2

-.
25

*
-.

08
U

W
 P

os
t

.0
9

.1
4

-.
07

.2
1

* 
C

or
re

la
tio

n 
is

 s
ig

ni
fi

ca
nt

 a
t t

he
 0

.0
5 

le
ve

l

14

17



U.S. DepartmentofEducation
Office of Educational Research. and Improvement (OERI)

National Library of Education (NLE)
. Educational Resources Information Center (ERIC)

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

ERIC
TM028371

Title: Multidimensional Scaling Assessment of Medical and Veterinary Student Knowledge
Organization of Pulmonary Physiology Concepts

Author(s): McGaghie WC, McCrimmon DR, Thompson JA, Ravitch MM, Mitchell G

Corporate Source: Northwestern University Medical School (WCM, DRM,
JAT, MMR) and University of Wisconsin (GM)

Publication Date:
April, 1998

II. REPRODUCTION RELEASE:

In order to disseminate as widely as, possible timely and significant materials of interest to the educational community, documents announced In the
monthly abstract journal of the ERIC system, Resources In Education (RIE), are usually made available to users in microfiche, reproduced paper copy,
and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if
reproduction release is granted, one of the following notices is affixed to the document.

If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three options and sign at the bottom
of the page.

The awn& sticker shown below will be
affixed to all Level I documents

1

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS

BEEN GRANTED BY

\e

'6<cc

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level

Cheek here for Level I release, permitting reproduction
and dissemination in microfiche or other ERIC archival

media (e.g., electronic) and paper copy.

Sign
here,-)
please

The sample sticker shown below will be
affixed to all Level 2A documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE, AND IN ELECTRONIC MEDIA
FOR ERIC COLLECTION SUBSCRIBERS ONLY,

HAS BEEN GRANTED BY

2A

\e
Sad

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2A

Check here or Level 2A release, permitting reproduction
and dissemination In microfldie and in electronic media

for ERIC archival collection subsalbers ally

The sample sticker shown below will be
affixed to all Level 28 documents

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTED BY

2B

\e

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Level 2B

Check here for Lem! 28 release. permitting
reproduction and dissemination In rricrolidie only

Documents will be processed as indicated pawided reproduction quality permits.
If permission to reproduce Is granted, but no box Is chedted, documents will be processed at Level 1.

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate this document
as indicated above. Reproductidn from the ERIC microfiche or electronic media by persons other than ERIC employees and its system
contractors requires permission from the copyright holder. Exception Is made for non-profit reproduction by libraries and other service agencies
to satisfy Information needs of educators In response to discrete Inquiries.

Printed Name/Posbionfrffie:

William C. McGaghie,'Professor
Organization/Address:
Northwestern University Medical School
303 E. Chicago Ave., Chicago, IL 60611-3008

TITT1503-0174 FA. '12-503 -0840
E-MeJ Address: WCMC@ nwu edelite: 4/8/98

(over)



IC Clearinghouse on Assessment and Evaluation

March 20, 1998

Dear AERA Presenter,

University of Maryland
1129 Shriver Laboratory

College Park, MD 20742-5701

Tel: (800) 464-3742
(301) 405-7449

FAX: (301) 405-8134
ericae @ericae.net

http://ericae.net

Congratulations on being a presenter at AERA'. The ERIC Clearinghouse on Assessment and Evaluation
invites you to contribute to the ERIC database by providing us with a printed copy of your presentation.

Abstracts of papers accepted by ERIC appear in Resources in Education (RIE) and are announced to over
5,000 organizations. The inclusion of your work makes it readily available to other researchers, provides a
permanent archive, and enhances the quality of RIE. Abstracts of your contribution will be accessible
through the printed and electronic versions of RIE. The paper will be available through the microfiche
collections that are housed at libraries around the world and through the ERIC Document Reproduction
Service.

We are gathering all the papers from the AERA Conference. We will route your paper to the appropriate
clearinghouse. You will be notified if your paper meets ERIC's criteria for inclusion in RIE: contribution
to education, timeliness, relevance, methodology, effectiveness of presentation, and reproduction quality.
You can track our processing of your paper at http://ericae.net.

Please sign the Reproduction Release Form on the back of this letter and include it with two copies of your
paper. The Release Form gives ERIC permission to make and distribute copies of your paper. It does not
preclude you from publishing your work. You can drop off the copies of your paper and Reproduction
Release Form at the ERIC booth (424) or mail to our attention at the address below. Please feel free to
copy the form for future or additional submissions.

Mail to: AERA 1998/ERIC Acquisitions
University of Maryland
1129 Shriver Laboratory
College Park, MD 20742

This year ERIC/AE is making a Searchable Conference Program available on the AERA web page
(http://aera.net). Check it out!

Sincerely,

Lawrence M. Rudner, Ph.D.
Director, ERIC/AE

`If you are an AERA chair or discussant, please save this form for future use.

C UA

The Catholic University of America


